Introduction {#s0005}
============

Several techniques have been developed for diverting urine after radical cystectomy in patients with bladder cancer. Ureterosigmoidostomy (US) is the first known continent urinary diversion introduced, and with the longest follow-up [@b0005]. Initial series reported an unacceptable rate of morbidity and mortality due to ascending infection and obstruction, as well as leakage at the uretero-intestinal anastomosis [@b0010]. Modifications of the uretero-intestinal anastomosis, using antireflux techniques as well as detubularisation, precluded any ascending infection. Also, the introduction of antibiotics and alkalinising agents further improved the outcome. However, complications persisted, e.g., hyperchloraemic acidosis and hypokalaemia with nephropathy [@b0015]. Moreover, the quality of life of these patients deteriorated mainly due to frequent emptying and nocturnal wetting with faecal content [@b0020].

Many technical modifications have been introduced to overcome the complications of conventional US, including the sigma rectum pouch (Mainz II) [@b0025], a rectal bladder with terminal colostomy [@b0030], and the dismembered detubularised recto-sigmoid bladder with distal coloproctostomy [@b0035]. One of these modifications is the detubularised isolated US technique (DIUS) described in 1996 by Atta [@b0040]. This technique incorporated several principles and modifications to overcome the complications of conventional US, mainly to improve the emptying pattern and accordingly the patients' quality of life. First, detubularisation was of the whole rectosigmoid colon, thus abolishing the recto-anal inhibitory reflex, together with creating a low-pressure large-volume reservoir. Second, the terminal colon is an intussusception into the pouch and fixed to the posterior rectal wall opposite the anal canal. This curtails the reflux of the pouch contents, mainly urine, into the descending colon, thus minimising the electrolyte imbalance and at the same time directing the faeces directly to the anal canal, consequently isolating urine from stool and improving the emptying pattern. In the present study we assessed the postoperative changes of patients with a DIUS diversion and evaluated their emptying pattern and satisfaction with the outcome.

Patients and methods {#s0010}
====================

The study included 122 patients who had a DIUS diversion after cystectomy for bladder cancer between June 2001 and January 2010, with a mean (range) follow-up of 41 (9--49) months. Poor anal continence was considered as a contraindication to a DIUS diversion, the anal sphincter continence being tested by asking the patient to hold a 400-mL water enema for ⩾30 min.

Surgical technique {#s0015}
------------------

The preoperative colonic preparation was mainly mechanical, by saline enema, a low-residue diet and levofloxacin [@b0045]. A radical cystoprostatectomy in men or anterior extenteration in women was performed, followed by the DIUS procedure as previously described [@b0040]. The peritoneum lateral to the left colon was incised to allow maximum mobilisation down to the level of the anterior rectal wall 2.5 cm below the peritoneal reflection. The whole rectosigmoid pouch was then incised anteriorly, and fashioned to form the pouch. The new stoma of the left colon was then fixed to the posterior rectal wall after cauterising the opposing walls to allow better fixation. The uretero-intestinal anastomosis was made to the dome of the rectosigmoid pouch using the nipple technique, as previously described [@b0050]. The nipple technique was especially beneficial in patients with dilated ureters. [Fig. 1](#f0005){ref-type="fig"} illustrates these steps.

The emptying pattern of these patients was assessed at ⩾6 months after surgery, the mean follow-up being 3.4 years. The frequency of emptying and the degree of anal continence during the day and night were recorded. Continence was defined as complete dryness with no use of pads. Patients were asked whether and for how long they could hold urine without wetting after the sensation of a desire to empty. Moreover, the ability to differentiate between urine and stool sensation was reported. The incidence of febrile UTI, manifested by an increased frequency, urgency and diarrhoea-like evacuation, was also reported. Overall satisfaction and psychological acceptance for their type of diversion was categorised as fully satisfied, moderately satisfied or not satisfied.

Ascending pouchography was used after surgery, with a gradual increase of the infused volume to 500 mL, and a film taken after emptying to confirm complete colonic evacuation.

Results {#s0020}
=======

In all, 112 patients with bladder cancer had a radical cystectomy and DIUS diversion. The mean (range) age at surgery was 62 (52--69) years. The postoperative complications are summarised in [Table 1](#t0005){ref-type="table"}. Twelve patients had a prolonged (\>7 days) faeco-urinary leakage, of whom seven responded to conservative measures, and the remaining five were successfully managed with an early temporary ileostomy, which was closed when complete dryness was attained. Uretero-intestinal strictures developed in 12 renal units and were managed initially by endoscopic dilatation and stenting, and one patient required an open surgical revision.

All patients were kept on prophylactic potassium chloride supplementation, and none of them developed metabolic acidosis. Sporadic febrile UTIs developed in 10 patients who had no uretero-intestinal strictures, and were managed using parenteral antibiotics.

In all, 95 patients were available for the final assessments, of whom 62 were men. Their median (SD) age at surgery was 58 (6) years. After a mean follow-up of 41 (9--49) months, all patients were completely continent during the day and night. The mean emptying frequency was 3.9 during the day and 1.7 at night ([Table 1](#t0005){ref-type="table"}). All patients were able to feel the desire to empty and to withhold for a mean time of 35 min. Thirty-two patients (21%) were able to differentiate between urine and stool sensations before emptying. Fifty-two patients (47%) could pass solid stools, with minimal urine at the end of voiding, once per day, and the remaining evacuations consisted of clear urine only ([Table 1](#t0005){ref-type="table"}). The remaining 43 (52%) patients passed various degrees of urine and stool mixtures in most of their evacuations.

As shown in [Fig. 2](#f0010){ref-type="fig"}, the pouchogram in all patients at 6 months after surgery showed a good capacity of the pouch, with no reflux to the descending colon and no residual urine after voiding.

The assessment of satisfaction showed that 82 patients were fully satisfied, 13 were moderately satisfied, and none of the patients regretted the diversion or considered any form of undiversion.

Discussion {#s0025}
==========

Urinary diversion after radical cystectomy is the main consideration when counselling patients before surgery. Young, well-educated patients with a good performance status prefer a continent diversion rather than a stoma diversion, mainly for reasons of body image and for continence [@b0055]. However, in the long-term the type of diversion has no effect on the quality of life [@b0060].

The Mainz II US offers the advantage of being stoma-free for patients with bladder cancer who are unfit for orthotopic substitutes. However, ascending infection, upper tract obstruction and incontinence are the main problems [@b0020; @b0065] In the DIUS, urine accumulates in the rectosigmoid pouch with minimal reflux of the pouch contents into the left colon. This minimises the colonic surface area exposed to urine and theoretically will reduce the degree of electrolyte imbalance. This was similarly shown in patients who had a valved rectoplasty, where electrolyte imbalance was minimal due to the limited exposure of the rectosigmoid to urine [@b0070].

The DIUS diversion has many advantages over the Mainz II pouch. It depends on the physiological reflexes for storage and emptying, and accordingly, unlike a neobladder diversion, we do not train our patients in how to empty their pouch. Once the catheters are removed the patient starts to pass urine and stools separately, with no training. In patients with an orthotopic neobladder there is a gradual decline in compliance that leads to omitting bladder emptying, and hence an increased residual urine with subsequent infection, deteriorating bladder function, overflow incontinence and even spontaneous rupture in some cases [@b0075; @b0080].

The present technique was satisfactory for the patients, with emptying 3--4 times during the day and 0--2 times at night. Patients with a DIUS diversion can tolerate a full pouch comfortably, without leakage. Amongst all the modifications of US, a similar improvement in pouch emptying is reported only with the augmented and valved rectum described by Kock et al. [@b0085], and the dismembered detubularised rectosigmoid bladder with distal colorectostomy described by Elabbady et al. [@b0035]. In both procedures the whole anterior rectal wall is incised and, in addition to the earlier technique, the detubularised rectum is augmented with an ileal patch. In the present patients the improved function was attributed to the abolition of the anorectal inhibitory reflex after anterior rectotomy, resulting in a capacious rectosigmoid reservoir that can comfortably accommodate up to 500 mL of urine, with no urge to empty [@b0090]. The loss of the anorectal inhibitory reflex results in the absence of nocturnal wetting, unlike in patients who have a conventional US. Nocturnal enuresis is a consistent finding in all types of orthotopic neobladder, a symptom that had not been treatable to date [@b0095; @b0100]. In the present technique we report only gas passage, a situation which was easily controlled by using antiflatulence drugs.

The whole rectosigmoid segment is detubularised in the DIUS to provide a low-pressure capacious reservoir that can accommodate urine with no reflux into the higher pressure of the left colon [@b0090]. Furthermore, the elimination of the recto-anal reflex allowed the patients to store urine for longer with no defecatory urge. In the conventional US the patient empties the contained urine into the rectum (in small amounts), and the remaining urine fills the left and sometimes the whole colon up to the caecum. This will result in an increased frequency of motions, and in an increased surface area exposed to stored urine [@b0105]. Avoiding this is manifested as a lower diurnal and nocturnal frequency in the present series, and patients can postpone emptying comfortably without urgency or wetting.

The intussusception and fixation of the non-dismembered new left colonic stoma into the posterior rectal wall just above and in line with the anal canal result in regaining the anal sensation required for the sampling reflex, and hence allows the anal canal to sense the arriving contents of the left colon. Motivated patients are able to differentiate between urine and faeces. The prompt emptying of faeces avoids the passage of faecal content into the rectosigmoid pouch. Faeco-urinary separation is obtained in the DIUS technique due to the functional isolation of urine in the low-pressure capacious rectosigmoid pouch.

We consider that the DIUS diversion is a viable option for bladder substitution in women. It has no artificial stoma, no appliances and has a high continence rate.

We conclude that the DIUS diversion provides continence during the day and night, with satisfactory emptying habits. Patients with a DIUS diversion can tolerate a full pouch comfortably, with no leakage, and they can discriminate between urine and stool evacuations.
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![A diagrammatic depiction of the DIUS technique [@b0040]. (A) A suture is placed between the left colon and the lowest point in the anterior surface of the rectum. (B) An inverted U-shaped sigmoid pouch is detubularised and the posterior wall is closed. Both ureters are re-implanted via the nipple technique [@b0050]. (C) A raw area is created in the posterior rectal and in the descending colon. Both are sutured together. (D) The pouch is closed and the serosal surface of the pouch is connected to the left colon with several interrupted sutures.](gr1){#f0005}

![(A) The pouchogram of a patient, showing the good capacity of the pouch. (B) A film taken after emptying in the same patient, showing no residual urine and no reflux to the descending colon.](gr2){#f0010}

###### 

Postoperative complications and the changes after DIUS diversion.

  Variable                                 Value
  ---------------------------------------- ----------
  *Complication, n (%)*                    
  Faeco-urinary leakage                    12 (10)
  Ureterointestinal strictures             12 (10)
  Metabolic acidosis                       0
  Febrile UTIs                             10 (8)
  *Changes*                                
  Continence, *n* (%)                      95 (100)
  Mean holding time, min                   35
  Mean frequency (day)                     2.8
  Differentiation (stool/urine), *n* (%)   32 (21)
  Separation (stool/urine), *n* (%)        52 (47)
  Febrile UTI                              10 (11)
